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So far in your study the S.A.R. 
course you have covered some of \ 

the basic fundamentals of .elec¬ 
tricity and radio. Yon should ttow ^ f 

have a good general understanding HE|k 
of the nature of electricity and the 
way it acts in performing work m- 
expending energy. Without hesita- ^Hp 
tion y..i: 1 1 .■ u 1 ■! ii" 1 '. ■ 

anyone who asks you t: • r.>. 

of volts, current. resi>t:u'.c;\ pov. TOHgfcvW ®i- ■ y M 

' Ki 

should happer. . qjjjM 9S : 

i h is <i»i(i- _. ~Wk . - v jH9n 

and go back over - k W. 

sons you have already studied to \ , i I * 

refresh your memory. There is no 

point to your attempting to go fur- Ted Husing< famous sports an „ r ou ' ncer , 
ther UP the ladder of radio knowl- makes an on-the-spoi broadcast by re- 
edge at this time unless you have a mote pick-up method, 
good understanding of what you • 

have already covered. This is good tailed study of such thmgs j|s mi- 
sound advice and you should not crophones, vacuum tubes, ete..iTh# 
hesitate to apply it if you feel that P ri me purpose of the lesson is to 
it is necessary. give you a broad outfnie *f mac 

In this lesson you are going to radio signals are transmi fndy^and 
get a preview of some of the prac- received. Please keep this mlfft |g| 
tical applications of magnetic and mind as you study through th Jle^- 
electric lines of force. In presenting son. 

these principles, new subjects will The two essential elemental? ,a< 
he introduced, concerning which radio broadcasting svstpri M i 
complete and detailed explanations which you are most familiar anBSk! 
cannot be given. If that were at- doubt the microphone at the studio 
tempted, the length of this lesson of the radio station and the speaker 
would defeat the objectives we of the radio set in the home. What 
want to accomplish. So remember occurs in between these two ele- 
as you study this lesson that this is ments is accomplished by a complex 
a broad outline only. It will be left system of electrical circuits, inelud- 
to other lessons to present a de- ing all that makes up modem radio. 





to tfRlgub] 
atl '__ 

the ramifications 
^ut aif owHine c! . 
tugh in S^opfcjwill be.givdh 


ITrioV ground you can |hen proceed to 
^ to all ta-ce up tjje study of component 
’ .transmit- radio parts and circuits in later les- 
fprfeensive ' sonstevith a general idea of just 
what you are trying to accomplish 


^.general understandhfjpof in your studies. 


The Start of the Radio Signal 


~ aarw--', e ar6 two "principal methods 
employed to»*tart a radio signal on 
its way to the receiver. The first 
method is called a “remote,pick- 
dp.” Thifc method requires thd| an 
operator take a micro$none and 
small amplifier to a location away 
^rimMhe studio or tftinsmitter. He 
up 4 his equipment arid 
meets it to a telephone line pro- 
d by the telephone company. 
Ufap signs* picked up by the micro¬ 
phone are. then fed over the tele¬ 
phone line to the transmitter, 
wb^m 4ri turn radiates the signal 
‘ in ■'the form of^a radio wave. If a 
^telephoneline ishot available at the 
remote location the operator will 
uaea small portable transmitter of 
low power output. A receiver at the 
transmitter location will in turn be * 
% rised to pick up the signal from the 
pb^blelfjransmitter. This receiver 
will amplify or make the signal 
stronger before it is fed to the main 
transmitter. 

The second method of picking up 
a sigiikl is at the studio of the sta¬ 
tion. *At this point signals are 
picked tjp by the microphone, as at 
the remote location. What happens 
next depends on the actual location 
the transmitter. If it is in the 
same building as the studio then 
V, the output of the microphone is fed 
directly into the input of the trans¬ 
mitter. On the other hand, the mod¬ 
ern trend is for the station to use 
a downtown location for the studio. 


^whereas the transmitter may be 
several miles away on the outskirts 
of the town. In this case a small 
.preamplifier is used at the studio 
to strengthen the signals from the 
output of the microphone. The out¬ 
put of this preamplifier is then fed 
to a telephone line which connects 
the studio with the transmitter. At 
the terminals of the telephone line 
at the transmitter another small 
preamplifier may be used before 
the signal is finally fed to the 
transmitter proper. 

Another method of generating a 
signal not involving the use of a 
microphone is often employed. This 
involves the use of wax or composi¬ 
tion records. Such a record is often 
called a transcription. By whatever 
name it may be known, in essence a 
signal is generated through the use 
of a needle following the record 
groove. This needle, following the 
record variations, is caused to move 
a coil of wire in a magnetic field 
which in turn generates a voltage 
corresponding to the signal varia¬ 
tions. Another method permits the 
generation of a signal by means of 
electrostatic lines of force. Still an¬ 
other signal generating method is 
by means of an intense light, a 
photo-electric cell and film for 
sound reproduction. The well- 
known sound track along the edge 
of motion picture film utilizes this 
signal producing method. 

















are accustomed to thinking of the tone range (audio frequencies) of 
other musical instruments as being very wide, they are actually ex- 
limited, covering only from about 20 to 10,000 cycles. The human hearing 
up to about 18,000 cycles, but is insignificant compared to radio fre- 
which operate up to the astounding figure of 1,000,000,000 cycles! 





















































signal is -known as dn audio signal vveep , A n a n- 

of low frequency. If this is kepi nna (i s , usl 2 aJUy just one or two 
clearly in mmd it will help you to v res or at mo st a fJf turns of 
understand the complete radio w e Assuming that magnetic im- 
wave etter. _ put 3S varying at the rate of sound 

e accompanying chart will fre< ienc j es could %wee|| through a 
give you a pictorial idea of audio or reccing antenna ife Slows that 
sound frequencies. Study this chart littl 6r no - si{rna l vo ltage would be 
carefully for it contains much in- indu e d because the rate of change 
teresting information. It mentions is r^vely slow> because of the 
new subjects which have not been lo^WjgAeie. involved. Furtfigt- 
mtroduced in this or previous les- more it is characteristic efeag- 
sons. These new subjects will be netic n nes . 0 f force (or magnetic, 
brought up later on at the proper wave# thatthe lower the^pqqed- 
point where adequate explanation c.v thi i ess the distance they will 
can be given. The main point you trav^?vom>fi$sf'itnS'easy'''f?Eeee 
should check on this chart is the that some means. must be adopted 
frequency limit of different musi- to effectively increase the frequent 
ca 1 instruments and that of the dif- cy (make the magnetic lines- Jinge 
Jterent types of electrical circuits, faster) if the original sound .fre- 
The numbers on the chart refer to quencies are to be radiated to any 
the frequency in cycles per second, point on the face of the earth. This 
You will remember that you studied is actually accomplished through 
frequency and cycles in a previous life transmitter process. This rjo- 
lesson. If their meaning is not clear cess will be explained' Htgreat«§de- 
to you at this time, you should re- tail further on in* this fessonjfee- 
view the subject. fore going on with that, howe&r. 

You should now have a clear un- you should learn more about the 
derstanding of the meaning of broad band of frequencies in radio 
sound frequencies and of their low¬ 
er and upper limits. The next step THE FREQUENCY SFECTRUlj 
is to get these translated into the The word spectrum can refer to 
form of a radio wave which may the order of progression in anyf 
be radiated to any point on the face thing. Thus the order of numbers 
of the earth. It is at this point that from 1 to 10 or from 50 to 1O0 is 
conditions change abruptly. This is a spectrum of numbers. Likewise 
because low value audio frequencies the order of .frequency progression 
will not travel any appreciable dis- from a lower to a higher value is 
tance in the form of a magnetic a frequency spectrum. 

•„ , The br °ad scientific definffj§Mi 

You will remember in your study for low frequencies is sonic fre- 
of magnetism it was shown that quencies. However radio men are 
the amount of voltage induced in a more accustomed to referring to 
conductor depended on the rate of audio frequencies or AF, meaning 
change of the magnetic lines of those frequencies lying between 20 
force or on the number of turns of and 18,000 cycles. This no doubt 
wire through which the magnetic suggests to you that there are 
lines of force could be made to other frequency bands below 20 
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Interior of Westinghouse transmitter KYW, showing 


of the control boards. 















t is frjm H>out 20 c^|js an 
to the ^toun&jng^/va’Jqe of 
L.uuO.OOO kilocycles. 

As we get higher and higher into 
-the frequency spectrum, the num¬ 
bers get larger and’'larger eve® if 
we use the abbreviated kilocycle 
form. JPcf avoid the use of these 
ntenfeers a- stiH shorter abbre- 
y»MH,ed form is used. The frequency 
JE^tfien be referred to in terms 
r, M8lMHions of cycles. The word 
egacycle (MC) is descriptive of 
this, meaning^ 1,000,000 cycles. 
Thus 1,000,000 cycles is equal to 1 
Megacycle. 1,815,000 cycles is equal 
to 1.875 megacycles and 30,000,000 
cles is equal ten 30 megacycles. 
\n easy way to convert cycles to 
;acycles.is to multiply the value 
. ycle^jy .000,001. Thus 49,000,- 
000 cycles times .000,001 equals 49 
megacycles. Te convert megacycles 
to cycles multiply the value in 
m«gacycles % 1,000,000, for exam¬ 
ine 28 megacycles times 1,000,000 
all 28,000,000 cycles. Occasion- 
\ al^it may be desirable to convert 
Sf? kilti^cles to megacycles or vice- 
.vers&- To change kilocycles to 
megacycles multiply by .001 and to 
change megacycles to kilocycles 
multiply By 1000. For example con¬ 
sider aifmoadcast station transmit- 
5 ^. - ting - on a frequency of 700,000 
ycles. Its frequency in KC is 700 
in MC it is .7—this you can 
: by carrying out the multipli¬ 
cation. 


HOW AF IS CHANGED TO RF 

In the foregoing it has been 
shown that the original AF (audi¬ 
ble or sound frequencies) must in 
effect be changed to a higher fre¬ 
quency if the signals are to reach 
out to any great distance. Also it 
has been shown that the workable 


frequency limit reaches on up into 
Die ultra high frequencies. You 
should also realize that* this is not 
the limit of usefulness of the fre- 
queifty* spectrum because research 
May overnight find ways and 
means of going on beyond the pres¬ 
ent practical limit, which after all 
is a very vague and. indefinite point 
,in the spectrum. 

You may wonder how these high* 
er frequencies are generated. You 
will remember that it was stated 
that the A F was generated by audi¬ 
ble sounds (air waves) acting on a 
microphone which in turn trans¬ 
lated these sound variations into 
equivalent electrical variations. In 
the case of the higher frequencies 
we cannot very well create original 
air waves and cause them to act on 
electrical devices to generate equiv¬ 
alent electrical impulses because of 
mechanical limitations and for oth¬ 
er complex electrical reasons. This 
problem is overcome by use of a 
quartz crystal, tuning circuits and 
vacuum tubes, all of which will re¬ 
ceive detailed explanations in other 
lessons. A brief description of these 
subjects will, however, be included 
in this lesson. 

The next step in the process of 
getting the original AF signals ra¬ 
diated as a radio or magnetic wave, 
is to change them into high fre¬ 
quency signals. This must be done 
in such a way that the original sig¬ 
nals are not destroyed. The change 
is made by causing the AF to ride 
on or be superimposed on the high¬ 
er frequency. This higher fre¬ 
quency is called the carrier fre¬ 
quency because it carries the AF 
along on it. The higher frequency 
is of course reversing back and 
forth very fast since it has many 
times more cycles per second than 




^»eveniK)f ! th^se in the transmitter 
system and eight in the njjjgiver. 
These ire called stages. Othen&ys- 
tems may employ more omlesg^ 
stages in bath the transmitter ar " 
receiver system, but the arran s - 
ment shown in Fig, .1 is typicSSjk 
the average installation.,. «| 
Position 1 of the transmitter t qU 
tem is where the signal first starfiM 
This may be at a night club, race 
track, prize fight, etc. The soymtr 
waves are picked up by the mwuM 
phone and changed into elect™® 
sound waves. The output, ofj^S 
mike is fed into a small portable 
amplifier which increases £he 
miles per hour. Once the AF is strength of the AF signal. The ouijj$ 
superimposed on the high carrier put of this in turn feeds the signal 
frequency it may with suitable to a properly balanced telephone 
power be radiated to any f>oint on line. This telephone line terminates 
earth. At the receiver the process at the station studio control room 
is reversed, wherein the carrier indicated by block 2. At this poin|, 
frequency is eliminated and the the signal is again amplified to the 
equivalent of the original AF is desired level, the amount being de- 
made to act on the speaker and so termined by the control operator, 
reproduce sounds corresponding ex- This brings the AF signal tQ,®e 
actly to the original sounds at the point where it can be fed direeS*. 
microphone. to the main transmitter. It is Af 

The process wherein all of this is this point where the high fre- 
accomplished naturally covers a quency enters the picture, 
wide range of subjects which we At stage 3 of the transmitter 
cannot hope to explain to you in system the quartz crystal previous-* 
this one lesson. However, now that ly mentioned comes into play. Such 


Remote pick-up transmission being 
made by Bob Elson of WGN and Tony 
Wakeman of WOL. Signals are "piped' 
to studio, then amplified and broadcast 
from station. 


you have a general idea of how the crystals are mined in America and 




















Brazil just as many other minerals, tie signal radiated into 
They are found in large lumps and as "%n*gn<lrim wi^s. Thes 
are ground down ts^|h% desired*, are sytft b] 7 wavy 

size by skilled* operators. It has "-lines between the transmitter 3 
been found that such a tes^will receiver. ** wL 

control an AC signal within very £ 

.. ., „ , stg |F ^RECEIVING THE SIGNAL 

At the receiver the process is 
reversed. The magnetic waves from 
the transmitter induce voltages in r 


narrow limits. Every broadcast s 
tion in this country is required i 
employ one of these crystals to 
maintain the transmitter on its as¬ 


signed frequency. Different shapes the receiver antenna y stage 1 0 : 
and sizes of crystals are required, thg recehjgg- system) correspondir.r 
depending on the frequency to b^% 2 Wte%,,. t<^p» RF wave fora* as 



depending on the frequency to be; 
controlled. For a given frequency 
assignment by the FCC the crystal 
is used in connection with a vacuum 
tube to accurately generate the 
carrier frequency. This frequency 
is amplified or made stronger in 
stage 4 and it is then ready to be 
fed to the main transmitter. 

Stage 5 is the point in the trans¬ 
mitting system where the AF and 
carrier frequencies are combined. 

This is called the modulator stage 
because the AF at this point is 
made to modulate the carrier fre¬ 
quency. Modulate means to pass 
from one state to another or to 
merge. Thus the AF merges with 
the RF or carrier frequency. Radio function and is included in 
men think of the AF as riding superheterodyne type of 
along on the RF. 

Depending on the amount of 
power to be radiated into space, 
the modulated RF signal from 
stage 5 may go through one or 
several stages of additional ampli¬ 
fication until the signal is built up 
to the desired level. Stage 6 of the 
transmitting system in Fig. 1 sym¬ 
bolizes the modulated RF amplifi¬ 
cation. The high powered modu¬ 
lated RF signal is next fed to stage 
7 of the transmitting system, which 
in modern installations is a lattice 
net made of steel strips called a 
vertical radiator. From this point 


T, t§nnai The 
is instantly 
out thl lenj 
tenna, regardh 
signal voltages 
to stafce 2 ofihi 
which iir nothing more ^ 
amplifier consisting of^'.vaciriHj 
tubes and tuned circuira 
builds the relatively'weak in< 
signals of the antenna up 
higher level for further actioa 
the receiver. 

The next stage in this partic 
receiving system is called the nil 
or first detector. It has & s 


There are other types of receive! 
but the superheterodyne is most 
commonly used because of its many 
advantages over other types. „Att 
this will be thoroughly explained 
to you in later lessons. One main 
advantage of this type of receiving 
circuit is the ease with wh idjf -it 
selects one signal out of perhaps 
thousands of signals existing in tw 
antenna system. It is for this main 
reason that we depict a super- 
heteroyne type of receiving circuit 
in Fig. 1. 

Stage 3 in the receiving system 
is a low-power vacuum tube gen¬ 


ii 





with 
stag**?, 
frequences 
what permits the 
such a high se- 
( selectivity means 
a receiver to select 
signal frequency out 
its ability to main- 

of stage 4 the 
signal is fed fiFstage 5, called an 
Intermediate Amplifier (IF). In 
this stage thtf%ignal is built up to 
a high- level, mid by,this time it 
becomes fery strong. It is now 
reaj|y to have its earner removed 
because thefngh carrier frequency 
pkrt in the AF reproduc- 
6 therefore de¬ 


modulates the signal or removes 
fee RF carrier. This process is also 
called detection, consequently stage 
6 is most often referred to as the 
detector. In a superheterodyne type 
H(g| receiver stage 6 would be called 
a second detector, to distinguish it 
from stage 4 which is often called 
the first detector ( or mixer). These 
terms will become thoroughly fa¬ 
miliar to you as you make more 
progress with your studies—re¬ 
member we are only giving you a 
general view at this time. 

After leaving stage 6 the signal 
is again rather weak due to the 
demodulation process. At this time, 
however, it is the true AF signal 
just as it started out in stages 1 
and 2 of the transmitter process. 
Stage 7 of the receiver now builds 
up the AF signal to the desired 
level and in turn feeds stage 8 
which is the speaker or 
reproducer. The dia¬ 
phragm of the speaker is 
caused to vibrate from 
the action of an intense 
magnetic field. This vi¬ 
bration of the speaker 
diaphragm sets in motion 
actual air waves which 
reach the ear as sound. 
Thus a low frequency 
AF signal may be sent 
by means of radio and 
sound waves to any point 
on the face of the globe. 


Besides direct pick-up in 
the studio and remote pick¬ 
up outside, radio signals 
may be transmitted from 
electrical transcriptions. At 
left is a three table record 
player used on FM (fre¬ 
quency modulation). 
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Other lessons which are to follow 5t e times.' Autom obile i 
will give you the details of how aft. ceivei*® h ittomaticai 1 '• com 
of this is accomplished. For th* for tli^o eveiilv tnd's%o 
time being this wig have to wait listeneAv* suSpecte thi 
wh.l e we give you some of the de- is any difference in the stre 
tails of sound and radio waves. I pnOTOU 
.Your study of magnetism will as- ^TougVthe^m^ 
sume considerable importance £3 J , 
when you think of a radio traps- originate nyjggjM 
mitter continuously discharging in * ina stratosnhere bl 
670 horsepower »1 magnetic enerpt tStStWi while fallh^fl 

in-hii AutomoSk. , 




energy finds its way to very remote j 

corners of the world. Out of thous- . . Radio «>n! 
ands of radio waves constantly the transfer 
crossing and meshing with one an- int ano j] 
other, we can pick out just one with in a direct ma ^ r without cto 
a properly designed radio receiver. ing the form energVS, 

Radio waves are constantly press- an indirect mai X by meanf 
mg out all around and through us wave motion. - 1 **., " 

by the thousands, no matter where To a good idea <* what 

M “ if this process §pnai< 


marine of elsewhere,, 
uhication depends on 
|f energy from one 
er. This may be done 
nn<*r without dlpng- 1 * 


steel tunnel, or deep down 


some of the moresepmmoii\formSP 


mine Even in these places, minute of mec hanical transmission 
quantities of radio energy are e rgy. In an automobile, thp meAto- 
presen . ical energy produced by the eng“^ 

STRENGTH OF RADIO WAVES is ccmduct ed or transmitted' to 
„ . driving wheels by mea»s p-. 

Our receivers, according to pres- clutchi „ e ars. and drive shaft 


driving wheels by means p£- ■> i 
clutch, gears, and drive shaft. The 


ent day standards, can pick up circuit over which the energy is 
energy from radio waves amount- transferred comprises the clutch? 


ing to three billionths of one mil¬ 
lionth of a horsepower and elec- 


the gear teeth, the drive shaft; the. 
axles and the axle keys to the 


trically magnify (amplify) this en- wheel hubs. This transfer of me- 
tba ^ a r . 00m or hoase m ay chanical energy is so commonplace 
be filled with voices or music. Elec- that we rarely think of tMs ahra 

T.riPfl nnwor WhlPh 1C nvHin ovihr . 


trical power, which is ordinarily 
measured in watts, has in this case 
been converted to horsepower so 


transmission circuit. With hy¬ 
draulic brakes, > energy applied to 


that you may get some working * he brake Iever with y° ur fo ?¥ s 
idea of relative powers from your transmitted as pressure to 
everyday experiences. Soon you will brake drum cylinders, 
learn to make these conversions of Steam pipe circuits are used to 
power, etc., yourself. transmit heat from one place to 


learn to make these conversions of Steam pipe circuits are used to 
power, etc., yourself. transmit heat from one place to 

In city streets with buildings another. Wires are used to trans- 
containing metal structure, the ra- mit electrical power from gen- 
dio energy varies in strength from erators in a power house to homes 
one locality to another as much as for lighting, etc. 
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■ sou^dWaVes act 

l of thq|e are direct methods 
transmitting energy r^uiring 
rite confined path or circuit 
i which the energy can q 
i the$e direct methdror 
transfer are used exten- 
|-adio mid in', other 
[i||fenehes of science and industry, 
there is another way in winch en- 
.flj^y be transfensM. This 
os pf waeve mo- 
jsion of energy 
•ave motion is quite 
|ny direct methods. 
We writ therefljre start your study 
|Jiis Sttbieef With something with 
3igi yoy are famSter, for example 
.irdinary sound waves. 

Ant^xatnple of the direct method 
of enriCgy ts®ismission is a hollow 
pipe through which air is made to 
flow under pressure. The air may 
'the compressed at one end of the 
pipe % means of a mechanical 
pump and its pressure will be ex¬ 
erted all the way to. the other end 
p of the pipe. By lMlpi&ping enough 
air in at one end of a pipe a turbine 
1% ‘ niigit be j’un at the other end, 
Hw. because of*the energy which is 
ll transferred through air by pres- 
sure. Now suppose a sound wave or 
vibration is produced at one end 
of the pipe. The energy of the 
' $ sound will travel to the other end 
ox the jape and can be used as 
energy with the proper equipment. 

Now what is the difference be¬ 
tween a ste.ady flow of air through 
the pipe and the passage of a vary¬ 
ing sound wave through it? The 
answer is a long one which must be 
analyzed closely. There is a dif¬ 
ference, and the transmission of 
; radio signals through the ether de¬ 
pends on the principle of it, as will 


be explained later on. In this c 
necjaon. a steady flow of air may 
1 >e eompared to direct current, and 
a varying sound wave may be com- 
uriii iriterriating or oscillat- 
current. 

With the passage of a steady air 
current or flow of air through the 
pipe, each molecule of the air will 
be traveling at a constant rate of 
speed toward the other end of the 
pipe, just as electrons under volt¬ 
age pressure in a wire will flow 
along to any place where there is 
less crowding of the electrons. Air 
molecules, like electrons, have a 
tendency to drift to a place where 
there is less crowding. Their nat¬ 
ural constant activity makes them 
distribute evenly throughout any 
enclosure and they will flow from 
a place of high pressure to a place 
of low pressure, and will continue 
this movement until the pressure 
is equal everywhere. 

Now note the difference when 
we are considering a varying air 
wave. In a sound or air wave the 
molecules do not move steadily in 
one direction, but move a short dis¬ 
tance in one direction, then reverse 
and move a short distance in the 
other direction. In moving in one 
direction they momentarily crowd 
others along in the same direction, 
but they stop and move back be¬ 
cause for an instant the crowding 
is less behind them than in front. 
Thus an air wave is in effect a 
continuous movement of small 
pockets of air pressure from one 
point to another. It is important to 
remember that an air wave is con¬ 
tinually reversing its motion, and 
its strength is continually chang¬ 
ing just as was described for an 
AC wave. 

Of importance here also is the 
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TUNING 
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SOUN© 


TUNING 
FORK „ 
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| FIG.2.1 N0 SOUND WAVES ^ » 

This drawing demonstrates how sound waves diifer from ordinary air waves, 
though both travel through the same medium. Sound waves pulse or vibrate at 
various frequencies, as is shown ai the top. Here a guitar string is plucked and 
sends out sonic vibrations of the same frequency to which the tuning fork is 
tuned, causing the latter to respond with like vibrations. A direct air wave dower) 
having no sound frequency does not actuate the fork in any manner. 

fact that the air molecules in pro- produced. In all other instrumegfli 
ducing wave motion move increas- various diaphragms, reeds and 
ingly faster (accelerate), increas- valves force the air .fa) movg'in this 
ingly slower (decelerate) and stop, manner. 

whereas in a steady air flow they In any air wave th&jjnoleagtes 
move at a uniform velocity. No air rarely move more than one-fourth 
or sound wave can be produced or of an inch. The wave motion, how-, 
travel without this accelerating and ever, is transferred to other air 
decelerating of the air molecules, molecules, thus the motion is con_ 
Every source of sound must, there- tinued until the energy is spent. A 
fore, have these properties in order very satisfactory wave may be pro-^ 
to cause the air molecules to act duced with the molecules moving; i 
in this way. only one thousandth of an inch one 

For any stringed musical instru- way and then reversing. t 

ment, the string moves from its Although none of the air mold- 
central normal position, to and fro, cules move at a constant speed, the? 
stopping at each end of its swing or wave which they produce does move 
stroke (see Fig. 2). From one end along at a constant speed uftcfer 
of its swing it travels toward the normal conditions. This speed de- 
other at an increasing velocity pends on how close the molecuiaj| 
(accelerates) to the central position of the air are spaced and the tnmr 
and then decelerates until it stops required for one to react on the 
at the other end of its swing. Care- next one. For normal air, the speed 
fully note that the movements of of sound waves is 1,088 ft. per 
a clock pendulum are exactly like second. Thus, if a diaphragm, 
this. As it swings in this manner, string or reed of a musical instru- 
it forces the air molecules to move ment starts forward, compressing 
in the same manner and a wave is a small amount of air in front of 
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an instant, these air particles 
jnove out in all dpestigfiW, and 


© DISTRIBUTION OF 
AIR MOLECULES 


itaneously Compress #he air 
:tly surrounding thlm. This 
area will be handed on to 
ither air molecules ht the rate of 
1.63S? ft. per Second, one after the 
g other just as a wave on w^ter will 
ilong„on its surface. 

'..Now if this accelerating and de¬ 
celerating influence is started by 
vfRrations in water*, the pressure 
areas in th’e %ater will be handed 
on at the rail of approximately 
5,000 ftv per Second. For glass, the 
velocity wouWfcr be approximately 
20,000 ft. per second. For vul¬ 
canized rufebea^it would be 177 ft. 
per second. The velocity of sound 
through thes#yarious substances 
depends on a Special quality of each 
substance, ip-which we have no in¬ 
terest fofcge. It is well to remember 
fhfit in any one of'these substances, 
' .thdVelocity^of sound is constant or 
the same, no*eaatter what kind of 
sound or tone is produced. 

Kfe-, ISfegsre- is a wide range of sounds 
i| or tones. A rapid'svibration will 
K eaUse a high pitched sound (high 
™ A^'4r>6^V^cy) while a slower vi- 

S bration wilf cause a low pitched 
sound (low AF frequency). If a 
string or diaphragm reaches its 
’ fm-thest position quite frequently, 
the sound will be high pitched, but 
if . less frequently, the sound will 
" be lower pitched. Obviously the 
Baore often the string swings out, 
the Shore, frequently the compres- 
' * sfon ares* in the air in front of 
it will be formed and the closer 
s they will follow one another. How 
i frequently this Occurs in a second 
r is quite logically called the fre¬ 
quency of the wave; 

The term air wave has’been pur¬ 
posely used because not all air 



HIGH PRESSURE- 
NORMAL PRESSURE 

LOW PRESSURE 5 

1 FIG.3.1 

waves will produce the sensation of 
sound. The term sound wave is 
often carelessly used. Sound is the 
impression made upon the brain 
through the nerve connected with 
the diaphragm of the ear, thus not 
all air waves are audible because 
extreme low and high frequency air 
waves will not produce the sensa¬ 
tion of sound on the human ear. 
Regardless of this technicality the 
term sound waves is in common 
usage. 

As described before, a cycle is 
one of a complete sequence of 
events which are repeated over and 
oyer again. Thus the movement of 
a part of a musical instrument 
causing sound, moving out, revers¬ 
ing and again moving out, is one 
cycle. If this action is made to occur 
twenty times a second, twenty 
cycles have been produced at the 
end of one second. The first im¬ 
pulse will he 1,088 ft. away and the 
other impulses will be 54.4 ft. 
apart, (1,088 divided by 20) all. the 
way back to the source of the 
sound. At twenty cycles, each im¬ 
pulse (compression area) will move 


16 





The distance between two success 
sive impulses is called a wavelength 
(54.4 ft. in this Case). 

If a vibration is mad#^gh«fe will 
make a tone at the same pitch as 
middle “C” in the musical scale, 

256 cycles will be produced. At the ^7 
end of one second, the first wave 
will. be 1,088 ft. away man the 
source as before, and the impulse? 
will be 4.24 ft. apart. At 16,0®^^ 
cycles, the impulses will be approxL ' ^ 
mately .068 ft. or 13/16 of an inch 
apart. 

Between the impulses there are 
areas or zones where the air pres¬ 
sure is lower than normal. More¬ 
over, the pressure varies through¬ 
out a cycle in a gradual manner 
just as does the voltages of an AC 
cycle. Ordinary air when not under 
the influence of an air wave can be 
represented as in Fig. 3A. When a 
wave disturbs the air it will appear 
as in Fig. 3B. Study these two fig¬ 
ures very carefully, so as to under¬ 
stand the difference between the 
two forms of air. 

THE ELECTROMAGNETIC 
WAVE 

With the foregoing thoughts in 
mind you are now ready to consider 
a magnetic wave. You will find 
many points of similarity between 
a sound and a magnetic wave. With 
this basic knowledge it then be¬ 
comes easy to understand how a 
radio wave may be radiated out 
into space or the ether. 

As you already know, when elec¬ 
trons dynamically move magnetism 
is produced. When the electron 
moves in one direction, accelerat¬ 
ing, decelerating, stopping, revers¬ 
ing and accelerating in the opposite 
direction, the magnetism will in¬ 
crease, reduce and reverse in exact 
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conformity to the electron or AC 
voltage wave. As a result an im¬ 
pulse will be sent out into space in 
much the same manner as described 
for magnetic lines of force in the 
previous lesson. 

Just as a flow of air at a constant 
speed will not produce air waves, 
a flow of electrons at a constant 
speed will produce no magnetic 
waves. A steady flow of electrons 
will produce only constant magne¬ 
tism such as a permanent magnet 
will produce. But a change in ve¬ 
locity of an electron of group of 
electrons will produce a wave just 






a change in velocity o£ a-string air, there are force areas with the 
r diaphragm will produce asaound magnetic lines of force extended 
or air wave. * first in one .direction, then zero 

“ ause of the nature of mag- (when the electrons stop) and then 
i and its relation to space, it the magnetic lines of force extend 
necessary to deal with consid- their force in the other direction. A 
erafoJv greater values than for air J ? win S has been made to picture 
• , .. this wave in- Purs. 4A and 4R 


wanes. For example, a magnetic 
jrave #avelS 903,000 times faster 
than an ah^vave—nearly a million 
times faster. At thl higher RF fre¬ 
quencies instead of dealing with vi¬ 
brations of from 2(f to 18,000 per 
second as forBaf, it is necessary to 
consider frequencies up to several 
litSfllSfrnycleC^er second. 

When you read in the paper that 
a certain ^radio station will trans¬ 
mit on a frequency of 1200 KC it 
singly means that the electrons in 
the transmitting antenna are being 
made to oscillate (travel up and 
ddwri Hue antenna) 1,200,000 times 
per second. Although the electrons 
may not J^jtuallv move more than 
*an v in$h w\centimeter, their ve- 
locitie^ and i%te of reversal are 
tremendous. 

VELOCITY OF RADIO WAVES 

A The npgnetic watfeh emanating 
from a radio antenna consist of ex¬ 
panding circular lines of force 
pressing out into space at a velocity 
of 186,000 miles per second, which 
is equal to 299,820,000 or approxi- 
iftately 300,000,000 meters per sec¬ 
ond (one meter equals 3.28 ft. ap- 
j|rpxiiHB|tely). The latter figure is 
close enough for all practical pur¬ 
poses. For the example of a 1200 
KC frequency in one second 1,200,- 
000 cycles occur. The first impulse 
travels at the rate of 300,000,000 
meters. The second and successive 
impulses are 250 meters or 820 ft. 
(300,000,000 the velocity divided 
by 1,200,000 the frequency) apart. 

Instead of pressure areas as for 


this wave in Figs. 4A and 4B. 

A modem vertical transmitting 
antenna has been chosen for this 
drawing and the top and side views 
are shown. Although radiation of 
magnetic waves takes place all 
around the antenna, only sections 
of the wave to the right of the an¬ 
tenna are shown. 

From your previous knowledge 
of the electric field, you know that 
a concentration or accumulation of 
electrons will form an electric field 
and this is indicated in both these 
drawings. 

If you were above the vertical 
antenna looking down on it and if 
you could see the magnetic and 
electric lines of force or waves as 
they were radiated from the an¬ 
tenna, they would appear some¬ 
what as in Fig. 4A. Please under¬ 
stand, however, that this can only 
be a symbolic view because it 
would be impossible to show all the 
magnetic and electric lines of force 
on a drawing. The circular lines 
with arrow heads represent mag¬ 
netic waves which are being ra¬ 
diated out from the antenna in 
circles. The dotted circular lines 
represent electric lines of force. 
These cannot be shown with length 
because you are looking down on 
the antenna in Fig. 4A. Thus it is 
seen that the electric lines of force 
are in parallel to the radiator which 
is the same thing as saying the 
electric and magnetic lines of force 
are at right angles to one another. 
Fig. 4B shows a side view of the 
antenna or radiator. Note this is a 
view in a different plane. In this 
case both the magnetic and electric 
lines of force can be shown to bet¬ 
ter advantage. Note that the mag- 
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netic lines of force (those with sue- tervals. Twenty of them represent 
cessive dashes) are in circular one cycle. 

waves, whereas the electric lines, of It is extremely difficult to show 
force are shown as vertical waves the distribution of electrons at dif- 
with a side view to permit the ferent time intervals in only one 
showing of length. This is just re- wire or conductor. Therefore, in 
verse for the conditions in Fig. 4A. Fig. 5, each vertical line -(numbered 
.Fig. 4 will be referred to again later from 1 to 27) represents the same 
on with a more detailed explana- antenna wire. The only differeped, 1 
tion. between one vertical line and its) 

For your next consideration refer neighbor is the relative electron 
to Fig. 5. In this we have attempted distribution per unit of time. This 
to show exactly what happens to drawing is in accord with the AC 
the electrons in an antenna when principles which you studied in the 
an oscillating or high frequency second lesson. To refresh your 
current is flowing. The actual dis- memory refer to that section of the 
tribution of electrons in the an- second lesson dealing with altemat- 
tenna are shown for twenty-seven ing current. 

different equally divided time in- Referring again to Fig. 5, each of 






. the dots represents individual elec- 
I, trohs. These are lettered A to I in- 
i elusive. Those,. dots along the zero 
“ vemc^Mi9l^i|)resent the position 
of the electrons before they are 
distiftbed by the action of the 
transmitter. That is, they are even¬ 
ly distributed. However, the in¬ 
stant electrical force is applied to 
the antenna circuit, the electrons 
start moving from atom to atom. 
At vertical line No. 1 you will note 
that their relative position is 
slightly different from the zero 
position. Likewise, at lines 2, 3, 4, 
etc. the electrons have assumed 
new positions. Remember that all 
of this is occurring in the same 
wire or radiator and that the nine 
dots in each vertical line represent 
the same electron. This one elec¬ 
tron being symbolic of all the elec¬ 
trons in dynamic motion in the an¬ 
tenna. The only difference in the 
dots is that we have shown them in 
new positions on each vertical line. 
By drawing several such lines, we 
in effect stop the motion, and view 
the path of motion of all of the elec¬ 
trons in relation to different inter¬ 
vals of time. 

The dotted lines between the 
electrons represent the path over 
which the effect of electron motion 
is exerted. This, as you can see, is 
comparable to the effect of wave 
motion on a body of water. You 
therefore see that this movement, 
in effect, creates a wavy up and 
down motion as the result of elec¬ 
tron movement under the pressure 
of an AC voltage. Now if you will 
remember that a moving electron 
which moves in this way also cre¬ 
ates a similarly moving magnetic 
field, you will immediately see how 
it is possible for a radio or mag¬ 
netic wave to be created and ra¬ 
diated into space. 

Michigan State Police FM transmitter 
of 250 to 400 watts. Two receivers are 
also on the same rack in this compact 










they .are again moving most rapid- 
lout since they are equally dis- 

ternal is usedh^febecayse as you 
? tave-nalready learned the electric 
fi^ld is always associated vvf^kthit 
elytron. Just as for a wirccar^bg -k * 
no current, the individual electrons 
in thisp, case simply exeat thiir s ; 

. forces .jvithin individ^aP@((|oms 
w%re the^ have no external ef¬ 
fects exc Wt That. this condition, 
helps give the conductor the£har-'%» 
acteristic^ by which it is inown. 
When an eleetwn is part of diatom 
or molecule rfesiteharge is confuted ' J 
to that atom orSholecule, a_s it is 
neutralized by t% equal positive 
charge when electrically in balan$C£. 

An external electric field imme¬ 
diately becomes apparent onh g | 
when the electron is sep<arateu^T 
from the atom. 

With. the foregoing explanation ,j 
in mind Fig. 4 can be better under¬ 
stood. Note these two figures shqw- | 
both the magnetic and electric linSf 
of force expanded out in all direc-^- 
tions. In Fig. 4B, the magnetic linear 
are in the form of arcs or circled 
successively reversing their direc-jd 
tions as indicated by arrowheads.*%- 
The electric lines of force oil the ~- 
other hand in Fig. 4A, are simply 
dots because they are at right 
angles to the magnetic lines and 
only a cut-away view of the ends* 
can be shown as already mentioned. " 

In Fig. 4B, the magnetic lines are ; 
shown dotted and the electric field 
lines are shown solid. Note that all 
lines of force in both Figs. 4A and 
4B, indicate the maximum points of 
magnetic and electric field energy 
and that the maximum points for 
magnetic force are midway be¬ 
tween those for the electric force. 
When the magnetic force is maxi¬ 
mum, there is no electric field force 
and when the electric field force 
is maximum there is no magnetism. 


Note that from zero to 5 (% 
cycle) all of the electrons in the an¬ 
tenna, except those at the extreme 
ends, are moving upward. They are 
increasing their speed of motion 
(accelerating) up to point 5, and at 
this point only they are all moving 
at a constant rate of speed. (Con¬ 
trast this with the description of 
Fig. 12 of lesson ND-2). Then still 
moving up, they are slowing down 
(decelerating) to point 10 (% 

cycle) where they are all station¬ 
ary. During the time which has 
elapsed between time intervals zero 
to 10, a magnetic impulse has been 
radiated into space in the form of 
a ring as shown by the magnetic 
rings in Fig. 4B. At time interval 
No. 10, this action stops and be¬ 
cause most of the electrons are 
crowded at the top of the antenna, 
• a maximum electric field with lines 
of force reaching from the top to 
the bottom of the antenna is 
formed. These are shown as verti¬ 
cal curved lines in Fig. 4B. 

When the current in the antenna 
is constantly reversing many thous¬ 
ands or millions of times per sec¬ 
ond, you must realize that this ac¬ 
tion is occurring very, very fast. 

After the electrons reach the 
time interval corresponding to No. 
10 , they immediately start moving 
in the other direction—or, in other 
words, a reversal takes place. The 
electrons then start moving down 
the antenna and gain speed until 
point 15 is reached. At this point 
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While there is only one plane of 
$ings or circles shown for magne¬ 
tism in Fig. ^remember that ac¬ 
tually Jph ere are to infinite number 
«f them all about the antenna as 
symbolized in Fig. 6. This would 
be truetor each impulse which is 
sent o8#pty*the antenna. 

. You will remember that moving 
magnetic lines of force will induce a 
voltage in any wire or conductor 
though which they pass or across 
,'which tfltey sweep. Thus when a 
waveJnchthat described for 
Fig. 4' passes through a receiving 
anlenna, a very small voltage is in¬ 
duced in it, and by proper receiv¬ 
ing equipment, this minute voltage 
tnay .be made to control any amount 
of power for the operation of the 
receiver speaker. The foregoing’ 
b^ef description is the way in 
which all radio signals are trans¬ 
mitted through the ether from the 
transmitter to the receiver. 

HOW SOUND ENERGY IS 
CONVERTED TO ELECTRICITY 

Tt» return to the sound wave, you 
will want to know more about how 
it may be converted into electrical 
energy so that this in turn may be 
converted into magnetism for radio 
transmission. 

The various areas of pressure 
and rarefied air in an air wave will 
move small flexible objects in their 
path,- as for instance, a thin micro¬ 


phone diaphragm. The less weight 
such objects have, the more freely 
they will move. There is very little 
energy in an air wave, and the less 
weight an object has the less its 
inertia or tendency to remain in 
position, You will recognize this as 
an everyday experience. The heav¬ 
ier the object, the more difficult it 
is to set it in motion and also the 
more difficult it is to stop after it 
has gained momentum. Obviously, 
to convert variations of air pres¬ 
sure into equivalent variations of 
magnetism all that is needed is to 
convert the air variations to cur¬ 
rent flow variations, and then make 
this current flow through a coil of 
wire which in turn will produce the 
magnetism. 

THE MICROPHONE 

Air waves strike the diaphragm 
of the microphone and cause its' 
moving element to vibrate, follow¬ 
ing exactly the characteristics of a 
sound wave. A carbon microphone 
used for radio purposes has a dia¬ 
phragm about 21/2 inches in di¬ 
ameter. This is made of steel or 
duralumin—an alloy of steel and 
aluminum having only about one- 
third the weight of steel. It is quite 
thin and vibrates in front of a cup 
of. granulated carbon. A diagram of 
this type of microphone is shown in 
simplified form in Fig. 7. 

The variations in pressure in an 
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aiT wave may be indicated as in Fig. amdhpf^! 
8 . In this figure, we have simply* unouMN 
plotted the various d^frees of pres- % definite^, 
sure of the air for unitflirtffiie. We definite * 
can measure one eydaor ajjrtuinoi sistance 
cycles forming a wave, by using will redu 
units of length or by using units of decreaset 
time. The horizontal line in J|y using 

represents the normal or fixed ' as**$n fgg 


sistance is increase .. 
will reduce, or if the resist 
decreased the current will ir 

J$y using a microphone'air 
as*Sii Fig. 7 can be 


pressure of the air and the repre- the resistance of a^firMt 5 
sentation of the wave (heavy line): circuit with application'^ th 
shows the manner of increase of air er apparatus. This typ^ofl 
pressure above normal, then return igfew is tailed pulsating—tW|§cur- 
to normal, and then immediately rent flows in pulses according to 


going as much below normal. Other the variatiilmgij 
cycles are similar to this one. You will leaflf 

You have already learned the this type of ctm 
definition of direct current (DC) take up the sIS 
and also what determines the As the press! 













m Fig. 7 strikes the dia- 
m, it is bent in. Immediately 
:k of cup filled with 

.1 granules. Pressure on these 
te diaphragm will allow mere 
to flow (decreases the re- 


MODULATION 

The wave form in Fig. 8 is called 
anlfr or sound wave equivalent or 
it may be referred to as a voice 
current. This process whereby a 
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sistance) through the circuit in direct current is made to vary m 


which it is phSi|fed. In effect the car¬ 
bon cup'Ts a variable resistance, 
len an <ar,ea of air at lower pres- 
reachis dhe diphragm it will 
Out a^Uow the carbon gran¬ 
ules to separate (increases the re¬ 
sistance, reducing the current flow 
through the 

i S sn0wn x, m monly referred to as a so 

I t WaVe Flg a Now when the record h 

8 is, exactly like the one m Fig. 9. 

One represents the characteristic 


S-iations of. pressure of an air 
wave, and the other .represents vari¬ 
ations of direct current. The round 
objects in this figure are electrical 
Wfeters, and Serve to show the rela¬ 
tive value of the current at differ- 
ent|imeintervals. The extreme po¬ 
sition to the right, on each meter, 
represents the maximum value of 
current. The center position of each 
meter represents zero current. The 
meter needle passes over a gradu¬ 
ated scale and the value of the cur¬ 
rent is read according to the posi¬ 
tion of the meter needle with re¬ 
spect to the graduated scale. You 
will study the fundamentals of elec¬ 
trical meters later on. 


# 




^diaphragm 


I FIG. 10.1 


accordance with a wave, is called 

modulation. 

Here is another interesting fact. 
If the diaphragm of Fig. 7 were ar¬ 
ranged as in Fig. 10, it could be 
made to cut a groove in a wax disc 
nrrent now f rom which a phonograph record 
could be made. The groove is corn- 
sound track, 
is used for 

reproduction it forces a needle to 
move as the track is traversed. This 
will move the diphragm of the unit 
on the record and reproduce the 
original electrical wave. 

This sound wave equivalent is 
electrically magnified (amplified) 
and radiated into space by means 
of the radio wave as described in 
the foregoing part of this lesson. 
The continuous radio wave acts 
somewhat like a wire which is 
carrying current. It simply carries 
through space the sound equivalent 
from the transmitter to the re¬ 
ceiver. 

When the signal reaches the re¬ 
ceiving antenna, as was explained 
before, a voltage is induced in it. 
This is impressed on apparatus in 
the receiver, which amplifies it as 
much as several million times. At 
the receiver antenna, the magnetic 
energy of the wave is converted 
into electrical energy and this is 
again converted into sound waves 
at the speaker. 

In a preceding lesson it was men¬ 
tioned that the voltage induced in a 
conductor depends on the speed of 
the magnetic field which sweeps 
through the conductor. Now it 
must be remembered that any vary¬ 
ing magnetic field will induce a 
voltage in any conductor, even 
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Set-up of ihe Chesapeake and Potomac Telephone Company, showing switchboard 
through which radio programs are interconnected between stations of chains, 
remote pick-up and transmitter lie-in. 


though it varies at only 60 cycles, carry them and a coil to concentrate 
as for ordinary house lighting sys- them would be so small as to be 
terns. The magnetic field variations unmeasurable. If oscillations of 
accompanying this very low fre- electrons in the wires are increased 
without an iron path to to say 3.000 cycles per second, very 






















° I but there isa-taucR better way than 

--i|| ^^ B|l|l^W" **” s t0 accom P^ s ^ the desired re- 

'£■ - ? ' oscillate at 1,000,000 cycles, the 

t f f rate at which the magnetic waves 

, \ ' v v -Y will pass through other conductors 

Z.V__ - ' F _ (receiving antennas) will be so 

\ , 7 great that a measurable voltage 

souwtf \ will be produced thousands of miles 

•' away. At 30,000,000 cycles, the rate 

vj ki 1 of Change of the magnetic field is 

I'll i || ”, " - so great that with little more power 

’ ill f - than is required for an electric 

.al HI I Jirk I clock (about 5 watts), satisfactory 

Jl III iffij ill signals may be sent to any point on 

-\|[| ||j|gg| I ^aMM a Because all sounds are limited 

M IlMnflllllfffli ' If If | to air waves ranging in frequency 

’ll I ■ Ilf ilfll ! II | from 20 to 18,000 cycles, magnetic 

jjl til 11II! ’ ' I equivalents of this could not travel 

l] I Ji j j | f ' mocSlated R with I I more than a few feet through space 
■jjft HI 114. s ou *° equ ivalent ail d still maintain enough energy to 

-v, Mr 1 HG. 11 .I © be useful. That is why a high fre- 

quency carrier wave must be used 
rrlflch more energy will be radiated, for radio transmission. Where there 
T#^h_is connection, a clock pendu- is a wire line such as is used for a 
lum in the actioft of swinging to telephone circuit, the energy is not 
and fro causes air waves at one or radiated into space as magnetism, 
Two; Cycles (average), but the in- but is confined to the electrical cir- 
tensity is so low that they cannot cuit in the form of a varying cur- 
be measured or will not cause re- rent flow. 

sponse in the ear as sound. When A graphical representation of the 
a violin string vibrates at from 30 variation of a magnetic wave which 
jto 10,000 times per second, air has been described as the carrief* 
waves will be produced to which wave is given in Fig. 11A. Note 
your ears are sensitive. At a suf- that the amount or intensity of 
fiejent distance, however, no sound magnetism varies rapidly as time 
wilt be heard as the energy dies goes on, but it reaches the same 
(dissipates itself) very rapidly as positive maximum value, M, for 
it progresses out from its source, each cycle and the same minimum 
Thus for a wire carrying electrons value, N, for each cycle. This de- 
which are reversing at 3,000 cycles, notes that a constant average 
the magnetic energy radiated may amount of energy is in the wave at 
be strong enough to induce a meas- all times. In Fig. 11B the electrical 
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receiving antenna having these shown the microphones and at the 
exact characteristics. This voltage right is showm the speakers or re¬ 
will then be amplified and the car- producers. In the telephone circuit, 
rier wave energy will be converted sound variations are converted to 
into the sound equivalent of Fig. electrical variations, and tjtese ele% 
11B again. This will be amplified trieal vari ations, in a direct current 
again and a speaker may be then circuit are made to pass through a 
operated with this current thus re- coil wound on an iron core. Tne£Lat- 
producing the original sound which ter is mouhted directly behind a 
may have occurred thousands of thin steel diaphragm. These cur- 
miles away. rent variations toe accompanj^.by 

COMPARATIVE SPEED OF Sat- 

SOUND AND MAGNETIC tracted by various amounts.'. 

WAVES Thus a sound wave is -produfed 

To get a good idea of the relative at the receiving e««.which is %c- 
speed of sound and magnetic waves, actly like the original one except 
if the speaker or artist at the studio for the natural imperfections of the 
is three feet from the microphone mechanical or electrical system. a 
and the listener is seven feet from The radio transmission ^circuit 
his loudspeaker, it will take longer consists of a microphone which is 
for the sound to travel to the mi- not unlike the telephone type, but 
crophone and from the speaker of is made with more precision ahd ^ 
the radio to the listener’s ear, than produces a more exact electrical 
it will take the radio wave to travel equivalent of the sound Mrave. 
from the transmitter to the receiv- Omitting the construction details o& 
er, even if they are separated by the transmitter, this sound equiva- 
1,700 miles. This is because sound lent is made to compress and ex V 
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of the car- 
ig being constantly 
gage,- The receiver 

Modulated car- 
into the sound equiva- 
aker reproduces the 
See the lower part 
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effectively perform its func¬ 
tion, a radio receiver must be able 
to select one magnetic wave out of 
the thousands which are almost 
constantly being radiated, change 
high frequency energy to us- 
energy at the original sound 
modulation frequencies, and re¬ 
produce the sound at a full volume, 
While keeping it like the original. 

For accomplishing the first 
thing, that of selecting any wave 
from a large number, the receiver 
must have a tuning system which 
you will study in considerable de¬ 
tail in later lessons. In order that 
the weakest signals may be effec¬ 


tively converted into usable sound 
equivalents, amplification must be 
used before, after, or during the se¬ 
lection of the wave, called tuning. 
This is accomplished by using 
vacuum tubes. A special circuit 
called the detector circuit removes 
the voice current wave from the 
carrier wave. At this point the 
voice current equivalent is far too 
weak to be converted into sound, so 
further amplification must be ac¬ 
complished. The section of the re¬ 
ceiver which does this is called the 
audio amplifier, as mentioned 
earlier. 

Many radio principles have been 
covered in this general discussion of 
transmission and reception of radio 
signals. In this short space it has 
been impossible to supply all de¬ 
tails; however, it has given you a 
brief insight into this remarkable 
wonder. The technical details' will 
be supplied in later lessons. 








A- 


These questions are aesigii»d to test your“kno vledge of this lesson. Read 
them over first to see if you can a swer thejn, If you feel confident that you 
can. then write out your answers, numbering them to correspond to the 
questions. If you are not confident* > that you can answer the questions, 
re-study the lesson one or more times before writing out your answer. Be 
sure to answer every question, for if you fail to answer a question, it will 
reduce your grade on this lesson. When all questions have been answered, 
mail them to us for grading. 


Questions 


No. 1 How must the molecules of the air move in order to produce a sound or 

air wave? , 

v 


No. 2 What becomes of the energy of a dynamically moving electron when if is 
rapidly brought to rest? 




No. 3 Describe the two fields of force which form a radio wave. 


No. 4 In Fig. 5, explain briefly why there is no magnetism at point 10 and why 
there is no electric field at point 15. >• 


No. 5 Describe a voice or audio current. 


No. 6 Why cannot the magnetism resulting from an audio current be trans¬ 
mitted to great distances without a high frequency carrier wave? 


No. 7 In what way does an electro-magnetic wave act on a receiving antena? 


No. 8 Give the value of 489,000 cycles in kilocycles and in megacycles. 


No. 9 What part of a receiving circuit removes the high frequency carrier and 
leaves only the voice current energy to be amplified. 


No. 10 Why must an audio amplifier be used in a receiver? 


